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(54) Chip antenna having multiple resonance frequencies 

(57) A chip antenna (10) comprising a substrate 
(11) comprising at least one material selected from die- 
lectric materials and magnetic materials, at least two 
conductors (12a, 12b) formed on at least one surface of 
the substrate (1 1) or inside the substrate, and at least 
one feeding terminal (15) provided on the surface of the 
substrate (11) for applying a voltage to the conductors. 
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Description 

BACKGROUND Of THE INVENTION 
1 . Field of the Invention 

The present invention relates to chip antennas and 
particularly a chip antenna used for mobile communica- 
tion and local area networks (LAN). 


2. Description of the Related Art 

Conventional antennas include monopole antennas 
and chip antennas, for example. 

Fig. 9 shows a typical prior art monopole antenna 1 . 
The monopole antenna 1 has a conductor 2 perpendic- 
ular to an earth plate (not shown in the figure) in air (die- 
lectric constant e = 1 and relative permeability m = 1), 
the one end 3 of the conductor 2 forming a feeding sec- 
tion and the other end 4 being a free end. 

Fig. 10 is a side view of a typical prior art chip 
antenna 5. The chip antenna 5 comprises an insulator 
6, a coil conductor 7. a magnetic member 8, and exter- 
nal connecting terminals 9a and 9b. 

Each of the prior art monopole antenna and chip 
antenna set forth above has only one feeding section 
and conductor, and thus has only one resonance fre- 
quency. Thus, a plurality of monopole antennas or chip 
antennas are required for responding to two or more dif- 
ferent resonance frequencies, and they are not applica- 
ble to uses, requiring compact antennas, such as 
mobile communication, for the reason of their sizes. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
compact chip antenna which can respond to a plurality 
of resonance frequencies, and thus can be used for 
mobile communication and the like. 

In accordance with the present invention, a chip 
antenna comprises a substrate comprising at least one 
material selected from dielectric materials and magnetic 
materials, at least two conductors formed on at least 
one of a surface of the substrate and inside the sub- 
strate, and at least one feeding terminal provided on the 
surface of the substrate for applying a voltage to the 
conductors. 

Preferably, the conductors connect with each other 
in series or in parallel 

Because the chip antenna in accordance with the 
present invention has a plurality of conductors, the sin- 
gle chip antenna can respond to a plurality of resonance 
frequencies. 

Other features and advantages of the present 
invention will become apparent from the following 
description of the invention which refers to the accom- 
panying drawings. 


pqicf nP^r.RlPTlON O F THF DRAWINGS 

Fig. 1 is an isometric view illustrating a first embod- 
iment of a chip antenna in accordance with the 
5 present invention; 

Fig. 2 is a decomposed isometric view of the chip 
antenna in Fig. 1 ; 

ic Fig. 3 is a graph illustrating reflection loss charac- 
teristics of the chip antenna in Fig. 1; 

Fig. 4 is an isometric view illustrating a second 
embodiment of a chip antenna in accordance with 
is the present invention; 

Fig. 5 is a decomposed isometric view of the chip 
antenna in Fig. 4; 

20 Fig. 6 is a graph illustrating reflection loss charac- 
teristics of the chip antenna in Fig. 4; 

Fig. 7 is an isometric view illustrating a third embod- 
iment of a chip antenna in accordance with the 
25 present invention; 

Fig. 8 is a graph illustrating reflection loss charac- 
teristics of the chip antenna in Fig. 7; 

Fig. 9 is a schematic view of a conventional monop- 
ole antenna: and 

Fig. 10 is a side view of a conventional chip 
antenna. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 


45 


55 


Embodiments in accordance with the present 
invention will now be explained with reference to draw- 
ings. 

Fig. 1 is an isometric view illustrating a first embod- 
iment of a chip antenna in accordance with the present 
invention, and Fig. 2 is a decomposed isometric view of 
the chip antenna. 

The chip antenna 10 comprises meander conduc- 
tors 12a and 12b each having a plurality of corners in a 
rectangular parallelopiped substrate 11. The substrate 
1 1 is formed by laminating rectangular dielectric sheet 
layers 13a through 13e each comprising a dielectric 
material (dielectric constant = ca. 6.1) mainly containing 
barium oxide, aluminum oxide and silica. Meander con- 
ductors 12a and 12b comprising copper or a copper 
alloy are provided on the surfaces of the sheet layers 
13b and 13d by printing, evaporation, adhesion, or plat- 
ing. A via hole 14 is provided at the one end of the con- 
ductor 12b on the sheet layer 13d and through the layer 
13c. Two meander conductors 12a and 12b are formed 
inside the substrate 1 1 by laminating the sheet layers 
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13a through I3e. where the one end of the conductor 
12a and the one end of the conductor 12b connect with 
each other through the via hole 14 inside the substrate 
11. 

The other end of the conductor 12a is drawn out to 
the surface of the substrate 1 1 to form a feeding section 
16 which connects with a feeding terminal 15 formed on 
the surface of the substrate 1 1 for applying a voltage to 
the conductors 12a and 12b. The other end of the con- 
ductor 12b forms a free end 17 inside the substrate 1 1 . 
In this case, the conductors 12a and 12b connect with 
each other through the via hole 14 in series to the feed- 
ing terminal 15. 

Fig. 3 is a graph illustrating the reflection loss char- 
acteristics of the antenna 10. The antenna 10, in which 
the conductors 12a and 12b connect with each other in 
series, exhibiis a resonance frequency corresponding 
to the conductor 12a at approximately 2.1 7 [GHz] (bl in 
Fig, 3), a resonance frequency corresponding to the 
conductor 12b at approximately 2.27 [GHz] (c1 in Fig. 
3), and a resonance frequency due to the coupling of 
the conductors 12a and 12b at approximately 1.56 
[GHz] (a1 in Fig, 3). Accordingly, the antenna in the 
embodiment set forth above can respond to three differ- 
ent resonance frequencies, i.e. 1 .56 [GHz], 2.17 [GHz], 
and 2.27[GHz]. 

Fig. 4 and Fig. 5 are an isometric view and a 
decomposed isometric view, respectively, illustrating a 
second embodiment of a chip antenna in accordance 
with the present invention. 

The chip antenna 20 is provided with two conduc- 
tors 22a and 22b spirally coiled inside a rectangular par- 
allelepiped substrate 21 in the longitudinal direction of 
the substrate 21 . The substrate 21 comprises rectangu- 
lar sheet layers 23a through 23e comprising a dielectric 
material, e.g., having a dielectric constant = ca. 6.1 and 
mainly containing barium oxide, aluminum oxide and sil- 
ica. The sheet layers 23a through 23d are provided with 
L-shape or linear conductive patterns 24a through 24h 
and 25a through 25h each comprising, e.g.. copper or a 
copper alloy on the surfaces of their respective sheet 
layers, by printing, evaporation, adhesion and plating. 
Further, via holes 26a are provided at both ends of the 
conductors 24e through 24g and 25e through 25g and 
at the one end (26b) of the conductors 24h. 25a and 25h 
on the sheet layer 23b through 23d along the vertical 
direction. When the sheet layers 23a through 23e are 
stacked and the conductive patterns 24a through 24h 
and 25a through 25h connect with each other through 
via holes 26. spirally coiled conductors 22a and 22b 
each having a rectangular cross-section are formed. 
The one end of the conductor 22a and the one end of 
the conductor 22b connect with each other through a via 
hole 26b. 

Further, the one of the ends of conductors 22a and 
22b (one of the ends of conductive patterns 24a and 
25a) are drawn out at the surface of the substrate 21 to 
form a feeding section 27 which connects with the feed- 
ing terminal 15 on the surface of the substrate 21. The 


other ends of the conductors 22a and 22b (the other 
ends of conductive patterns 24h and 25h) form free 
ends 28a and 28b. respectively, inside the substrate 21 . 
In this case, the conductors 22a and 22b connect with 

5 each other in parallel to the feeding terminal 1 5 through 
the via hole 26b. 

Fig. 6 is a graph illustrating reflectance loss charac- 
teristics of the antenna 20. Fig. 6 demonstrates that a 
resonance frequency for the conductor 22a appears 

to near 1.50 [GHz] (a2 in the figure), a resonance fre- 
quency for the conductor 22b appears near 2.09 [GHz] 
(b2 in the figure), and a resonance frequency due to 
coupling of the conductors 22a and 22b appears near 
2.66 [GHz] (c2 in the figure). 

is As set forth above, this antenna can respond to 
three different resonance frequencies, i.e., 1.50 [GHz]. 
2.09 [GHz], and 2.66 [GHz]. 

Fig. 7 is an isometric view of a third embodiment of 
the chip antenna in accordance with the present inven- 

20 tion. 

The chip antenna 30 comprises a rectangular par- 
altelopiped substrate 31 comprising a dielectric mate- 
rial, for example, having a dielectric constant: ca. 6.1 
and mainly containing barium oxide, aluminum oxide 

25 and silica; conductors 32a and 32b which comprise, 
e.g.. copper or a copper alloy, and is spirally coiled 
inside the substrate 31 along the longitudinal direction; 
and feeding terminals 33a and 33b provided at the side, 
top face and bottom face for applying a voltage to the 

30 conductors 32a and 32b. The one ends of the conduc- 
tors 32a and 32b form feeding sections 34a and 34b 
which connect with feeding terminals 33a and 33b. 
respectively. The other ends of the conductors 32a and 
32b form free ends 35a and 35 inside the substrate 31 . 

35 In this case, the conductors 32a and 32b are independ- 
ently formed inside the substrate 31 . 

Fig. 8 is a graph illustrating reflectance loss charac- 
teristics of the antenna 30 comprising the conductors 
32a and 32b formed independently. Fig. 8 demonstrates 

40 that a resonance frequency for the conductor 32a 
appears near 0.85 [GHz] (a3 in the figure), a resonance 
frequency for the conductor 32b appears near 1.50 
[GHz] (b3 in the figure), and a resonance frequency cor- 
responding to the second harmonic of the conductor 

45 32a appears near 1 .55 [GHz] (c3 in the figure). 

As set forth above, the antenna in the third embod- 
iment can respond to two different resonance frequen- 
cies at 0.85 [GHz], and 1.50 [GHz]. Further, the 
bandwidth near 1.50 [GHz] can be expanded by the 

so second harmonic. 

In this case, when the conductors 32a and 32b are 
provided so that the coiling axis of the conductor 32a is 
perpendicular to that of the conductor 32b. coupling 
between two conductors can be suppressed, and thus 
55 the resonance frequency can be readily controlled. 

In the first through third embodiments set forth 
above, although the substrate of each chip antenna 
comprises a dielectric material mainly containing bar- 
ium oxide, aluminum oxide and silica, other dielectric 


EP 0 777 293 A1 


JO 


15 


materials mainly containing titanium oxide and/or neo- 
dymium oxide, magnetic materials mainly containing 
nickel, cobalt, and/or iron, and combinations of dielec- 
tric materials and magnetic materials also can be used 
as the substrate. 

Although each antenna has two conductors in the 
embodiments set forth above, the antenna can have 
three or more conductors for providing more resonance 
frequencies. For example, the antenna having three 
conductors can respond to four different resonance fre- 
quencies. 

The conductors can be provided on at least one 
side of the surface of the substrate and inside the sub- 
strate, other than inside of the substrate as set forth in 
each embodiment. 

Although the conductor is meanderingly formed in 
the first embodiment, the conductor can be spirally 
coiled. In contrast, the conductors in the second and 
third embodiments which are spirally coiled, can also be 
meanderingly formed. 

In the second and third embodiments, the conduc- 
tors can be spirally coiled in the vertical direction of the 
substrate, as well as in the longitudinal direction. 

Further, the feeding terminal can be provided at any 
appropriate position of the substrate, and is not limited 
to the positions shown. 

Since the chip antenna in accordance with the 
present invention having a plurality of conductors can 
respond to a plurality of resonance frequencies, a multi- 
band antenna system can be achieved. Further, the 
band width can be expanded by adjoining a plurality of 
resonance frequencies to each other. 

Although the present invention has been described 
in relation to particular embodiments thereof, many 
other variations and modifications and other uses will 
become apparent to those skilled in the art. Therefore, 
the present invention should be limited not by the spe- 
cific disclosure herein, but only by the appended claims. 

Claims 

1. A chip antenna (10; 20; 30). comprising: 

a substrate (11; 21; 31) comprising at least one 
of a dielectric material and a magnetic material; 

a first conductor (1 2a; 22a; 32a) disposed on at 
least one of a surface of said substrate (1 1 ; 21 ; 
31) and inside said substrate; 

a second conductor (12b; 22b; 32b) disposed 
on at least one of a surface of said substrate 
(1 1 ; 21 ; 31) and inside said substrate; and 

at least one feeding terminal (15. 33a; 33b) 
provided on the surface of said substrate (1 1 ; 
21; 31) for applying a voltage to at least one of 
said conductors. 
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2. A chip antenna (10) according to claim 1. wherein 
said first ana second conductors (12a. 12b) con- 
nect with eacn other in series. 

3. A chip antenna (20) according to claim 1. wherein 
said first and second conductors (22a, 22b) con- 
nect with each other in parallel. 

4. A chip antenna (20; 30) according to one of claims 
1 to 3, wherein said first conductor (22a; 32a) com- 
prises a spiral. 

5. A chip antenna (20; 30) according to one of claims 
1 to 4. wherein said second conductor (22b; 32b) 
comprises a spiral. 

6. A chip antenna (10) according to one of claims 1 to 
3, wherein said first conductor (12a) is meander- 
ingly formed. 

7. A chip antenna (10) according to one of claims 1 to 
3, wherein said second conductor (12b) is mean- 
deringly formed. 

A chip antenna (10; 20; 30) according to one of 
claims 1 to 7, wherein said chip antenna further 
comprises at least one fixing terminal to fix said 
substrate to a mounting board. 

A chip antenna (30) according to claim 1 . wherein a 
first feeding terminal (33a) is provided on the sur- 
face of said substrate (31) for applying a voltage to 
said first conductor (32a). and a second feeding ter- 
minal (33b) is provided on the surface of said sub- 
strate (31) for applying a voltage to said second 
conductor (32b). 
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A chip antenna (10; 20; 30) according to claim 1, 
wherein the substrate comprises a plurality of lay- 
ers (I3a-13e; 23a-23e). 

11. A chip antenna (10) according to claim 10. wherein 
the first conductor (1 2a) is disposed on a surface of 
a first layer (13d) and the second conductor (12b) is 
disposed on a surface of a second layer (13b). said 
layers being laminated together. 

12. A chip antenna (10) according to claim 11. wherein 
the first and second conductors (12a. 12b) are cou- 
pled together by a conductive through hole (14) dis- 
posed through at least one of the layers. 

13 A chip antenna (20) according to claim 10 wherein 
portions of said first conductor (22a) are disposed 
on at least two layers, portions of said second con- 
ductor (22b) are disposed on at least two layers, a 
conductive through hole being provided in at least 
one of said layers connecting respective portions of 
the first conductor (22a) together when the layers 
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are laminated together and a conductive through 
hole being provided in at least one of said layers 
connecting respective portions of the second con- 
ductor (22b) together when the layers are laminated 
together. 

14. A chip antenna (10; 20; 30) according to one of 
claims 1 to 13, wherein said chip antenna has a plu- 
rality of resonance frequencies due to said two con- 
ductors. 

15. A chip antenna (30) according to claim 1, wherein 
the first and second conductor (32a. 32b) each 
have a feeding terminal (33a. 33b). 

16. A chip antenna (10; 20; 30) according to one of 
ciaims 1 to 15, wherein at least one of said conduc- 
tors (12b; 22a. 22b; 32a, 32b) has a free end (17; 
28a, 28b; 35a. 35b). 

17. A chip antenna (20; 30), according to claim 1. 
wherein both said conductors (22a, 22b; 32a. 32b) 
have a free end (28a, 28b; 35a. 35b). 

18. A chip antenna (10, 20. 30) according to one of 
claims 1 to 17, wherein the conductors (12a. 12b; 
22a, 22b: 32a. 32b) comprise copper or a copper 
alloy. 

19. A chip antenna (10, 20, 30) according to one of 
claims 1 to 18, wherein the substrate (11; 21; 31) 
comprises a combination of a dielectric and a mag- 
netic material. 

20. A chip antenna (10; 20; 30) according to one of 
claims 1 to 19. wherein the dielectric material com- 
prises barium oxide, aluminum oxide and silica. 

21. A chip antenna (10; 20; 30) according to one of 
claims 1 to 19, wherein the dielectric material com- 
prises at least one of titanium oxide and neodym- 
ium oxide. 


longitudinal extent in a second direction substan- 
tially perpendicular to the first direction. 

26. A chip antenna according to claim 23. wherein at 
£ least two of the resonance frequencies are spaced 

close together so that an area of extended band- 
width can be achieved near the two resonance fre- 
quencies. 

io 27. A chip antenna (10; 20; 30) according to one of 
claims 1 to 26, wherein the substrate comprises a 
rectangular parallelopiped. 

28. A chip antenna (20; 30) according to claim 4 or 5. 
is wherein said spiral conductor has a rectangular 

cross section. 

29. A chip antenna according to claim 5, wherein said 
spiral conductor has a rectangular cross-section. 

20 

30. A chip antenna (10; 20; 30) comprising: 

a substrate (1 1 ; 21 ; 31) comprising at least one 
of a dielectric material and a magnetic material: 

25 

a plurality of conductors* 12a, 12b, 22a; 22b. 
32a: 32b) disposed on at least one of a surface 
. of the substrate (1 1 ; 21 ;31) and inside the sub- 
strate; 

30 

at least one feeding terminal (15; 33a. 33b) 
provided on the surface of the substrate for 
applying a voltage to at least one of the con- 
ductors; and 

35 

said plurality of conductors (12a. 12b; 22a. 
22b; 32a, 32b) providing said antenna with a 
plurality of resonance frequencies. 

40 


22. A chip antenna (10; 20; 30) according to one of 
claims 1 to 21 , wherein the magnetic material com- <*s 
prises at least one of nickel, cobalt and iron. 

23. A chip antenna (20; 30) according to claim 1, 
wherein the chip antenna has three resonance fre- 
quencies. 50 

24. A chip antenna according to claim 1. wherein the 
substrate is mounted on a board extending in a first 
direction, the conductors being arranged to have a 
longitudinal extent in the first direction. 55 

25. A chip antenna according to claim 1. wherein the 
substrate is mounted on a board extending in a first 
direction, the conductors being arranged to have a 
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